is paper presents an assessment of impacts of Light Rail Transit Line 1 (LRT1) in terms of accessibility and distance as they relate to variables such as land values, land uses, and population densities in Manila, Philippines. Using correlations and regressions, these variables are analyzed against an accessibility index and network distances obtained from a model built within a Geographic Information System (GIS). Land values, land uses, and population densities are in uenced in a limited, though consistent, way by the accessibility provided by LRT1 and the distance to it.
Introduction
It is widely recognized that transport and urban land development are closely related. e spatial distribution of human activities such as living or working creates demand for the transport of people and goods. However, the converse impacts of the transport side are less understood. Changes in accessibility are likely to in uence the relative attractiveness of a location, potentially inducing shi s in land values, uses, or densities.
ese changes are a result of the relationship between transport, land, and human activities (housing, employment, industry, etc.), a tri-partite interaction that generates travel demand and the requirements for transport infrastructure. Good management of urban growth and densities, as well as adjustments in land use, ease the ow of socio-economic resources. Part of this management involves adding new infrastructure-housing, services, or transport-producing diverse impacts on urban land; the complexity of these impacts makes them difficult to assess.
Mass transport systems generate bene ts ranging from a reduction of pollution to the orderliness of ows, shorter travel/dwell times, and a faster, more reliable service, handling peak ows of up to 60 000 passengers/direction/hour. e provision of capacity for future growth is also essential for choosing such technologies (Pushkarev et al. 1982) , as they are capital-intensive         () with a long gestation period. In most cases, mass transport is the only reasonable alternative for a growing demand, requiring innovative funding as it ranges from tens to hundreds of millions of dollars per kilometer (Japan International Cooperation Agency 1999; Wright and Hook 2007) . One of the most common is the LRT, with lower capacity than the heavier systems, though more exible and less expensive.
A study by the Institute for Development and Transport Policy in the United States (Wright and Hook 2007) identi ed some of the most important factors in uencing the selection of a transport system, grouped in categories such as cost, planning and management, design, performance, and impacts. e last of these is the topic of this study and includes economic, social, and environmental impacts as well as direct in uence over urban areas. Some of the impacts observed are fostering/reduction of population density growth, change in operational patterns of bus transport systems, and enhancement/depression of areas within the city (possibly including economic revenues by changes in land uses and/or land values due to an improved accessibility). On the negative side, visual impacts and noise are the most common considerations. As a type of mass transport, LRT unavoidably affects urban land uses and activities, causing a variety of negative or positive impacts.
Reviewing the transport and urban land relationship
Planners have dedicated much effort to explaining the hidden connections between transport and land use. Figure 1 summarizes the relationship, showing the basic variables affected (positively or negatively) by the relationship. From the transport side, the rst is accessibility, de ned as the ease with which activities may be reached from a given location by means of a particular transport system (Morris et al. 1979) . Another is proximity, based on the location of transport infrastructure in urban areas. Proximity is measured in distance, whether linear (also called Euclidean distance) or network-based (calculated using the road/path links). Changes in both variables (as well as in mobility) affect land uses and these also in uence transport by generating more demand, altering transport networks, shi ing modes, and generating congestion. Previous studies have demonstrated the importance of accessibility and proximity (among other factors) in urban areas, through their impacts on variables related to production, housing, employment, and services in urban areas. Some studies are reviewed in this section and attention is given to the location of the studies as well as the policy framework applied.
Accessibility
As accessibility increases, mobility becomes less costly-in time or money-and transport costs decline. Giuliano (1995) affirms that mass transport improves accessibility to areas within the transport corridor and increases their relative advantage compared to non-served areas. Hence, all else being equal, activities should shi towards stations along the corridor with increased land values. However, the importance of the integration of rail and buses cannot be neglected.
anks to the current transport modes, the incidence of newly added accessibility is extended to an area wider than the rail corridor. Giuliano explains that modifying a single link on the transport network produces an overall impedance change (expressed in travel time) across the entire network, as the accessibility provided by existing transport is independent of that generated by new modes. It is undeniable that some bus routes may appear or change their itineraries once a major transport mode is introduced. Indeed, such changes may lead to new land use patterns and should be considered, even they are not a direct effect of mass transport. Geurs and Ritsema (2001) reviewed studies examining the effect of accessibility on travel behavior and land use. ey pointed to a weak correlation between accessibility indexes and housing land values in a study of 43 Dutch regions. Similarly, Landis et al. (1994) , studying ve railway corridors, found that residential property values rise near the rail lines. Moreover, Bae et al. (2003) studied the impacts of Seoul's Subway Line 5 on land values by means of a hedonic price model and found that distance from the line had statistically signi cant effects on residential prices only prior to the line's opening. is is consistent with the anticipatory effect observed in other studies, and indicates that land values may be determined by many factors, including those unrelated to mass transport.
Among the most cited studies, Cervero and Landis (1997) analyzed the in uence of San Francisco's Bay Area Rapid Transit (BART) on urban areas, including land uses. Although the study found correlations between BART's induced development and land use growth, it also pointed to factors such as zoning incentives, local citizen backing, and a buoyant economy. Cervero and Landis affirmed that, in the absence of these factors, BART would have had little in uence on the location and form of growth. Moreover, Wegener and Fürst (1999) concluded that in general, the relationship between accessibility and land use tends to be weak, an idea supported by Hall and Marshall (2002) who challenged the conventional assumption of transport in uencing urban land by affirming that effects may only manifest where accessibility is low. Regarding this challenge, Cervero and Wu (1998) noted that factors other than accessibility increasingly in uence metropolitan location decisions. In the BART study, they came to the "inevitable conclusion" that there is only a tenuous link between urban-rail transport and land development.
Research by the Royal Institute of Chartered Surveyors (RICS Policy Unit 2002) in the UK showed that some impacts even capitalize land values due to travel-time monetary savings. Bichsel (1999) asserted that the price of land with greater accessibility tends to decrease, contradicting some theories of transport accessibility that suggest improvement might only lead to         () an increase in land's attractiveness to, e.g. commercial projects, thus generating greater values. In any case, this result depends on the urban con guration, the potential of land based on its capacity, and the complementary policies applied.
Proximity
Distance (linear or network-measured) is other main variable when analyzing the transport in uence on urban areas. As seen in Figure 1 , the variable works in two ways: the presence of transport infrastructure affects land uses by causing pollution or visual impact; land uses (e.g. commerce or housing) affect transport by attracting travel ows. As opposed to accessibility, the effects of proximity to transport infrastructure have been examined only sparingly as noted in research by the Transit Cooperative Research Program (2002) . is thorough review of literature on impacts near rail stations in several cities in the United States pointed out that proximity to stations raises property values, all else being equal, although to varying degrees. e conclusions of all the studies reviewed (see the full study for a detailed list) showed mixed results, for both residential and commercial land values. e review also included a separation of impacts by heavy and light transport systems. Gardner et al. (1990) showed that LRT might also be considered as a potential catalyst for other urban development though detailed research by Hall and Hass-Klau (1985) and Simpson (1990) suggested that these bene ts are o en exaggerated.
A recent study by Debrezion et al. (2007) also reported positive increments in commercial property values closer to railway stations in the Netherlands. ey also found that railway stations are expected to have a higher positive effect on commercial properties compared to residential properties for relatively short distances from the stations. In addition, the study tested a methodology for understanding the variety of results of studies in transport impacts on property values.
The importance of location and policy context
An important analysis of mass transport impacts by Fouracre et al. (1990) included a thorough investigation of changes in transport indicators such as time savings, passenger shi s, and differences in operational patterns. is research de ned development guidelines and included suggestions for developing an integrated urban and transport planning process. However, Fouracre et al. pointed out that only limited research on the performance and impact of mass transport projects had been undertaken in developing countries. Together with the already quoted document by the Institute for Development and Transport Policy, Fouracre et al. at the Transport and Road Research Laboratory in the United Kingdom made of the few studies in emerging economies. e research comprised studies of 21 cities worldwide (Manila included) and concluded that the scale of transport-induced development is small. is result concurs with research by Walmsley and Perret (1992) , who pointed out that such development is generally the result of positive government intervention.
It is evident that there is a lack of a comparable number of studies focusing on cities in emerging economies. e impacts of mass transport systems assessed in most of the studies reviewed may not be transferable to these without a clear methodology that is beyond the scope of the present study. However, the analysis of impacts may show a similar pattern regardless of locational factors, in terms of a pure correlation between transport and land use variables.
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Regardless of location, studies about the relationship of accessibility induced by transport improvement and its effect on urban areas have shown that the extent of such impacts is limited.
is is to be expected, as urban areas are also in uenced by other factors, such as land use development, policies, or general economic factors. Where impacts have been considered significant, both negative and positive impacts have been identi ed. e intervention of authorities or private stakeholders managing the development produced by changes in the transportation system-whether by policies, incentives, or direct investment-is considered decisive. Transport Oriented Development (TOD) is one of the latest concepts related to taking advantage of these in uences, considering policy intervention and private participation (Lefaver 1997; Transit Cooperative Research Program 2002) . To the degree that TOD and its joint-development variant confer travel-time savings and enhance accessibility, the theory holds that these privatesector bene ts will be capitalized into land values and market rents. Cervero (1984) ; Emerson (1990) ; Knight (1980) also identi ed the provision of public infrastructure and nancial incentives as important to attract and support development around stations. Without a positive intervention by authorities or stakeholders, Walmsley and Perret (1992) and Dabinett et al. (1999) claimed that transport investments are o en necessary but not sufficient to generate development. Well-developed transport facilities alone cannot explain the agglomeration of economic activities due to the incapacity of transport facilities to provide users a utility per se (Bichsel 1999) . Moreover, Hall and Marshall (2002) noted two particularly important contextual items regarding transport investment on development: rst, infrastructure investment has led land use development in buoyant economies; second, the regulatory context (e.g. planning controls) implies that transport-led development tends to ourish where policies favor TOD. In this respect, the place where the analysis of transport and land use is done use should point toward more signi cant impacts in cities of the developed world. However, Gakenheimer (1999) argued that there are stronger linkages between land use and transport in the developing world, an idea that other studies do not support.
According to Dabinett et al. (1999) , mass transport can have a strong in uence on the location, intensity, and timing of new development, especially when supported by positive incentives and coordinated land use/transport planning. Greeneberg (1988) and Pill (1988) demonstrated the importance of the planning context. ey showed that authority-driven zoning bonuses for new urban land developments around Toronto subway stations proved to be the most signi cant impacts over urban areas where stringent land use controls directed the changes (Giuliano 1995) .
Framework of the study
Most of the research assessing transport impacts on urban land use show that the most frequently recurring variables are accessibility and distance. ese variables were used together by Rietveld and Nijkamp (2000) to demonstrate that a higher level of access and closer proximity to transport may increase property values. e basic premise in this study is that changes in transport infrastructure will have an impact on the relative attractiveness of certain areas, and that this may, in turn, trigger changes in urban land use. Accessibility, de ned as the most straightforward link between urban planning and transportation planning (Giuliano 1995) , together with proximity in terms of distance, are the adequate indicators to determine impacts (Transit Cooperative Research Program 2002) . In the present study, the before/a er accessi-        () bility and the network distance to LRT1 will determine if their changes are related to variations in urban land variables.
Description of the study area
is section provides a brief description of Manila and the data collected. Some important gures and characteristics of the study that will be useful for understanding the analysis and the results obtained are shown here.
Manila in the early 1980s
e model in Figure 1 represents Manila in 1980, having similarities with its urban con guration as stated by Brunn and Williams (1983) . Starting from the port area, there are several concentric rings characterized by mixed land use adjacent to the core port zone, which is attached to the Central Business District (CBD) with the main government area inside it. e location of new housing and squatter areas outside the core re ects rapid urban growth at the expense of agricultural areas, represented the fringe of the model (Market Gardening Zone). Minor commercial centers have been steadily growing inside the core urban area. For instance, the areas of Baclaran and Monumento experienced progressive growth in the number of big malls and minor businesses clustering around major transport terminals. To the city's north in Kalookan municipality, Monumento, in the middle of the junction of EDSA and Rizal Avenues are full of formal and informal transport terminals. ey are used by commuters from the northern zones, feeding the crescent of commercial activity. e southern terminal of Baclaran on Ta Avenue plays a similar role for the southern part of the city. In the early 1980s, these terminals and the commercial areas next to the CBD (Carriedo and Blumentritt) were packed with informal commerce.
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 e core area is formed by the municipalities of Manila, Kalookan, Pasay and Quezon, Makati, Mandaluyog, and San Juan. During the 1980s, the CBD was attracting more economic development, as it had become the center of a bigger area known as Metro Manila. e 1980s and 1990s were marked by a constant growth of commerce and a decrease in housing, as people preferred to live in new developments such as Calabarzon in the southern part of Manila (Magno-Ballesteros 2000) .
Since the early 1980s, Manila has become a huge urban area, among the largest in Southeast Asia (Brunn and Williams 1983) . e city's core was almost completely built-up when the LRT1 started in 1984. In 1991, increments in land value outside the study area were around 100-160 percent higher, for residential and commercial properties respectively and from 1993 to 1996, land values remained practically equal. A er 1996, averages showed higher values in the rest of Manila, with higher increments for the same period (Figure 2 ).
Characteristics of the transport
In the 1970s, transport in Manila was exclusively road-based, made up of jeepneys (a form of paratransit), mini-buses, standard buses, taxis, motorbike tricycles, and bike-powered pedicabs. While large buses operated on arterial or primary roads, jeepneys served trunk and secondary ways. By feeding these two modes, motorized tricycles and pedicabs provided a complementary transport operation service, mainly from established terminals near the most important centers.
From 10.6 million trips/day in 1980, the total increased to 17.5 million in 1996 (Japan International Cooperation Agency 1999). About 79 percent of residents made daily trips in 1996, with an average number of trips of 2.3. Around 98 percent of this total travel demand owed by roads. Public transportation usage in the 1990s was very high, around 78 percent of all public and semi-public trips (Japan International Cooperation Agency 1999). Jeepneys were the most popular mode regardless of trip purpose: 34 percent used them to go to work, 46 percent to go to school and 21 percent for business trips. Buses primarily served work trips (24%) and private purposes (13%). Tricycles were very popular for school (21%), business (13%) and private trips (12%) while taxis were mainly used for business trips (around 14%).
Introduction of the LRT1
In 1976, a study funded by the World Bank suggested the implementation of an at-street-level LRT in Manila, which was later changed to an elevated con guration due to the impacts at intersections. e project, called Metrorail, was to have revenues by 1993 and was expected to pay for itself by 2005. Implemented in 3.5 years from 1981 to 1985, LRT1 (see Figure 3 ) was inaugurated in December 1984 with half of the line (Baclaran to Central Station) complete; the full 15 km length (to Monumento) was complete by 1985. It runs in the south-north direction along the west side of Manila, crossing the CBD parallel to the bay area, initially with 64 cars with a capacity of 374 passengers (81 seated and 293 standing at normal capacity). LRT1's share was initially calculated at around 9 to 10 percent of the total riders and it has a full capacity estimated to be 500 000 pass/day at a rate of 27 000 pass/hour/direction (18 000 in 1985) with speeds of 60 km/h (peak) and 30 km/h (commercial). e dwell times started at 20-30 seconds in 1985, decreasing later to 10-20 seconds. e at fare was initially set at 2.5 Philippine pesos (Php) and later increased to 12 Php. e line has 18 stations separated by 825 meters on average, located mainly in major commercial (Carriedo, Blumentritt), educational (Pedro         () Gil, Vito Cruz), and government (Central) centers. e south end is close to the international airport at Baclaran, in Pasay City, reaching the CBD near Intramuros and connecting Ta and Rizal Avenues. e LRT1's share was around 3 percent of to-work and to-school trips in 1996, which is considered high as the percentage represents only one transport corridor. 
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Setting the urban land and transport variables
is section presents a discussion of accessibility measures and the selection of the measure used in the study. It also discusses the initial processing of the data and the setup of the network model for calculating accessibility indexes and distances.
Accessibility Measures
e interaction between two locations in space declines with increasing disutility (lesser accessibility expressed as travel distance, time, cost, or effort). Areas that are more accessible may have a higher interaction potential as they may have a comparative advantage. On the other hand, these areas may be disadvantaged by being unsuitable for some land uses, as they are prone to concentrate many activities and thus generate traffic congestion.
Regarding types of accessibility measures, Geurs and Ritsema (2001) de ne three basic perspectives. e rst is infrastructure-based, useful for analyzing the performance of mass transport systems among others. is perspective considers the access in general terms, based solely on transport capacity. e second is activity-based, which measures accessibility to all activities         () in which an individual engages, incorporating constraints (such as scheduling) and travel characteristics (such as trip chaining) (Dong et al. 2006) . is analysis is more suitable for evaluating access available to the population because it measures inhabitants' ability to reach opportunities by means of a given transport mode. e third is utility-based, focused on analyzing the bene ts that people derive from access to spatially distributed activities; this perspective is mainly applied in economic studies (Geurs and van Wee 2004) .
is study uses an infrastructure-based accessibility measure, as the objective is to determine access at one location to all others inside the study area based on the performance of the network before and a er the introduction of LRT1. According to Geurs and van Wee (2004) , infrastructure-based accessibility measures play an important role in current transport policies in many countries as several measures are used to describe the functioning of the transport system, such as travel times, congestion, and operating speed on the road network. Obviously, the advantages of this type of accessibility measure are its ease of implementation and communicability; the necessary data and (transport) models are o en readily available and measures are easy for researchers and policy makers to interpret. Because infrastructure-based accessibility measures may not incorporate the land use component (or consider it homogeneous), the variable produced better represents the performance of transport per se without the in uence of other factors. is is useful for comparing pure transport indicators against other variables related to urban areas. Gutierrez et al. (1998) identi ed geographical location as a decisive in uencing factor regarding accessibility indicators. e authors described several accessibility measures that prove the in uence of spatial determinants. Although these may be unsuitable for determining transport needs in a particular region, they are useful when analyzing a scenario in which accessibility changes between two periods. is scenario matches the longitudinal schema and provides the ideal framework for the empirical before/a er analysis proposed in the present study. Nevertheless, Gutierrez et al. also point out that this approach may not provide a measure of the relative ease of access-in terms of network efficiency-in each of the two points in time. To tackle this, the present study also includes (in addition to the scenario a er the introduction of LRT1) a scenario determined by the accessibility provided by jeepneys and buses prior to the line's opening in 1984. Both are assessed together with the rest of public transport (which includes walking to/from stops) using the same indicators and spatial units (the Barangays) within a network with impedances assigned for each link. e 1256 Barangays selected are the centers of potential travel for which an accessibility index is calculated.
For the present accessibility analysis, an exponential distance decay function is used. Fotheringham (1982) establishes that exponential functions are more accurate for measuring trips inside urban areas, while power functions perform better for the interurban level. erefore, accessibility is expressed as:
where D j is the attractiveness of location j , β is the distance decay coefficient (DDC), L i j the length of link i j , and n the number of locations.
e aim of this study is to test the performance of the transport network before and after the introduction of LRT. An indicator of how well the transport network (purely in those terms) provides access to all sampling areas is required, in order to see if changes in performance
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e attraction by the land use side can be attributed to several factors, including massive commercial or housing development. Moreover, data on changes in attraction for each sampling unit before and a er LRT1 were not available-and even if they had been available, their inclusion would have made it difficult to assess which improvements in accessibility were due mainly to LRT1 (or at least to its in uence on the existing transport modes). Besides, attractiveness factors per se would be enough for assessing the changes in land use variables. By using an accessibility measure based on network performance, we can calculate the accessibility improvements generated solely by the LRT1 and later, assess whether these improvements correspond with changes in the land variables chosen. e results will yield the accessibility value of each sampling unit (area) by means of the transport network before and a er the addition of LRT. is is done to evaluate changes in land variables related to improvements introduced by the LRT itself (excluding natural changes in attraction by the land uses in the study area).
e objective is the assessment of both the situation before LRT1 and the added accessibility it introduced, measured as indicators.
e value of the DDC is determined by an exponential regression using travel distances (willingness to travel by mode) and the number of people traveling based on data from the Metro Manila Urban Transport Integration Study (Japan International Cooperation Agency 1999). A generalized-cost model is adapted for calculating travel impedances for each link in the network, with three components: travel time (including waiting time by mode), total delay time at intersections (by semaphores/turns), and monetary (out of pocket) costs. e last, averaged per length unit and differentiated by transport mode, ranges from zero for walking to 6 PhP as a at fare (1 PhP = US$0.23 in 1996) for taking the LRT1. ese and other costs were converted to time using mean income per time unit for regular workers in Manila, while time impedances are added up directly. e nal formula, in which results are expressed in time units, is:
where N j represents mean time at node j (intersection) due to semaphores and/or congestion when crossing it, dependent on the road class; T i j are the time units to travel the link (o en referred to as in-vehicle time), which is:
where L i j represents the actual link measure in longitude units and S m is the speed by mode of transport expressed in distance units over time and F m is the monetary price for traveling the link, averaged to longitude units by transport mode. It is expressed as:
where L i j is the length of the link i j ; P is the fare for a transport mode (in PhP per distance unit); and W is the mean income per time unit for regular workers in Manila. e results of this calculation are in time units.
        ()
4.2 Building the transport network e impedances are loaded onto the network according to the route systems for the two main transport modes in the study area: buses and jeepneys. As the LRT1 has an elevated infrastructure, special impedance values are set for links connecting the jeepneys/bus network (Figure 4) , representing average access/egress characteristics to/from LRT1's stations.
Network distances from each Barangay to the LRT1 line are also calculated and converted into classes (distance ranges) as the second independent variable. To assess impacts, both accessibility indexes and the distances are compared against ve urban land variables: residential and commercial land values; housing and commercial land use; and population density. e analysis is carried out using statistical correlations and simple/multiple regressions.
Accessibility Results
e differences in values for the scenarios before and a er LRT1 are evident, as are the relatively high accessibility values north of the line due to the concentration of jeepney/bus terminals as one of the most important commuting points in Manila.
For a better graphic representation, the resulting indexes are organized in classes, set for both accessibility before LRT1 and a er LRT1 (accessibility indexes by buses/jeepneys and LRT1 added together), as shown in Figure 5 .
Setting the scenarios and the data
As independent variables, both the effect of accessibility (based on network impedances) and the proximity (in terms of distance) are correlated with the urban land variables. is is done in a before-and-a er schema, representing scenarios without and with the LRT1, respectively. e data were collected for different time series in a longitudinal analysis from 1986 to 1996 and then processed to build a database at Barangay level, also including secondary data for setting up a transport network for the accessibility variable within GIS. Most of this data come from the extensive MMUTIS study (Japan International Cooperation Agency 1999) by NCTS . Other qualitative data were collected directly in the eld as well as a general overview of the performance of the LRT1.
The impacts of LRT1 on urban land in Manila
e main analysis involves quantifying 15 combinations of variables as depicted in Table 1 , using Pearson's correlation and simple regression analysis for each combination. ree-dimensional GIS maps help to visualize the relationships, if any.
ese maps present two data variables within the same map: one via color and the other via volumetric shapes or extrusions, shown in perspective. In addition, and only for the variables that show consistency in the correlations, a single/multiple regression analysis (MRA) was applied, using both accessibility a er LRT1 and distances as predictors.
e Bureau of Internal Revenue (BIR) provided land values by activity at street-level from 1989 to 1996. A 1986 land-use map, geographic layers and transportation network/data came from MMUTIS. Population gures were given by the National Statistics Office (NSO).
Minimal census and administrative unit in urban areas of the Philippines. National Centre for Transportation Studies, University of the Philippines-Diliman, Quezon City. Histograms were created for each variable to determine possible sampling errors and scattergrams to show the dispersion patterns. All variables had consistent results using descriptive statistics as they belonged to a single sampling set, with some evidence of values clustering towards linearity. Collinearity tests for both MRA's predictors yielded consistent results. e dependent variables were further processed to show changes within time series, producing multiple outputs for each time sequence. ere are four indicators for each commercial and residential land value, for the periods 1989-91, 1991-93, 1993-96, and 1989-96 ; three for each housing and commercial land use area change, for , and the whole 1985-97 period; and three for changes in population density for 1980-90, 1990-95, and 1980-95-all Land values have a better correlation with accessibility a er LRT, showing higher coefficients than in the pre-LRT1 scenario and rising coefficients along the time series (Table 2 ). e correlations for commercial land values show consistency except for the 1993-96 period⁴, though the results are quite marginal and not as strong as the ones for residential values. e latter also show a tendency to grow steadily in the time series, with the highest value in the overall 1989-96 period. Compared to the pre-LRT1 scenario, the coefficients are not only stronger but also positive, growing towards a stronger linearity in the time series. e regressions show that there is only a limited possibility of predicting land values based on accessibility. is predictability is only signi cant for residential land values, which have better coefficients overall. Figure 7 shows the strength of the relationship between accessibility post-LRT1 and residential land values. Most of the high residential land values (darker tones) are clustered and related to high accessibility changes (higher extrusions), while lighter tones representing low land values are generally associated with lower heights. Some evident mismatch between colors and extrusion heights (higher extrusions with lighter colors and vice versa) illustrates the weak correlation found. e analysis of distances to LRT1 and land values shows a strong negative relationship, an inverse correlation with consistency (Table 3 ). e coefficients are also higher, showing the tendency for residential land values decrease with distance from LRT1. Once more, coefficients get stronger as the time series progresses, meaning that the longer LRT1 operates in Manila, the lower the value of residential land close to it. Scattergrams show more negative residential land value changes adjacent to the LRT1 line, especially in the 1993-96 and 1989-96 intervals (see Section 6.2). e results for commercial land values have far less consistency and the correlations have roughly the same value across the time series, though there is a slight decrease. Multiple regression analysis shows strength and consistency in predicting residential land values using accessibility a er the construction of LRT1 and the distance to the line (Table  4 ). e results of the 1989-91 series are almost identical to the ones for the same period in the simple regression (Table 3) , demonstrating the weakness of the accessibility component for this series in the multiple regression. However, the coefficients are the highest of all the variables and predictability improves over the time series, reinforcing the previous results and pointing towards an increased in uence of accessibility and distance with time a er LRT1 started its commercial operation. e overall result for the 1989-96 time series shows a consistent inuence of the combined accessibility and distance of almost 20 percent (the adjusted r 2 ) of the variance in residential land values, with partial results for the other series ranging from 6 to 14 percent. Commercial values were not tested, as results show a low correlation between variables. 
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Land Use
ere is no relationship between housing or commercial land use and the independent variables. Once again, the comparison between scenarios shows lower correlation with accessibility before the construction of LRT1 than a er. In the latter scenario, there is no correlation with consistency for both land uses; the weakness of the coefficients indicate that no relationship exists. However, there is a better correspondence of values for the scenario with the LRT, where the correlation coefficients have a higher signi cance level, though still extremely weak.
e results of the regression analysis is the same for both independent variables, stressing the lack of correlation with land uses.
        ()
Population Density
Contrary to the previous observations, the results show consistency for population density and accessibility before LRT1 than a er it (Table 2) . e negative correlation with accessibility a er LRT1 is not only weak but also inconsistent for the 1990-95 time series. If consistent, this result could suggest that higher accessibility determines lower population densities and vice versa. However, all correlations between population density and distance to LRT1 show a clear lack of correspondence and the regression results support these ndings. e regressions show the same the results and inconsistencies, pointing towards a lack of in uence of the independent variables over changes in population in Manila.
Discussion
Results in the context of the study area
As explained in Section 3, the city's core was completely built up at the time LRT1 was implemented across this area, causing its impacts to be more complex and limited in extent. e land market in Manila constrained real estate development in the built-up area as opposed to areas around fringes of the city. However, not all land value changes outside the study area can be compared, as the fringes have the lowest values prior to urban development. A preference for more space, free of pollution and traffic congestion would make them more attractive to development. is scenario suggests a limited capability for land development in the city's core within the time frame of this study, which may have affected the results.
e massive presence of dwellings in any urban area compared with commercial buildings has provided a better way of correlating variables. Accessibility and distance, when related to land values, will always have a better level of comparability with more sampling present in the study area as is the case of residential land values. e smaller number of sampling units of commercial land values will therefore be less easy to correlate and its changes, even in a smaller scale, will have less consistency for the analysis. is may explain the lesser degree of correspondence shown by this variable.
Moreover, the marginal results for commercial land use may be attributable to location factors, as commerce has great in uence through economies of agglomeration and speculation in focalized clusters. Despite this, a micro-urban analysis can distinguish some patronage of LRT1 stations over major changes in commercial areas. e stations at both line's extremes (Baclaran and EDSA to the south, Monumento and Fi h Avenue to the north) have different extents of their adjacent commercial area, as well as by the LRT1's center (Gil Puyat, Vito Cruz and President Quirino stations). e most remarkable case is Monumento, where commercial land use changes in surrounding neighborhood are among the highest in the study area due to the large volume of commuting trips. Nevertheless, these areas are not large enough to reveal consistent relationships with accessibility indexes at the macro-urban level and, as seen, major changes are weakly related to the whole LRT1 corridor.
Another in uencing factor is the progressive reduction in the amount of housing-and thus population density-in Manila's core as intense commercial activities have pushed highand mid-income classes to relocate away from their traditional dwellings. A rise in land value such as that generated by commercial demand tends to trigger preferences for inexpensive housing away from fast-growing (and possibly constrained) commercial nodes in the CBD. is may Summary of results for the accessibility variables. 
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
Relationship:
Clear pattern of improvement in the regressions on time series. e tting of the models is the best on the overall analysis. Residuals are high, though still acceptable.
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 partly explain the small impact of LRT1 on land uses, especially housing. Although some major changes have occurred next to stations, this is just due to the commercial expansion at Baclaran or Gil Puyat stations mentioned above. is commercial growth depended on transport (both private and public) and led to a reduction of housing and industrial areas as land was converted to shopping malls in the 1990s (Magno-Ballesteros 2000) .
Population density had a particular development in Manila during the time frame of the present study. As explained in Section 3, densities within the study area increased less than in the rest of Manila. In the former, the Barangay density only increased to 180 hha. while in the latter the population nearly doubled from a mean of 6102 to 11 441 habitants per Barangay.
is may be evidence of a low level of housing development or of population displacements to locations outside the study area by the time LRT1 entered service. e statistics also show a decrease in housing area, pointing towards a higher densi cation within existing dwellings to maintain population levels. e inconsistency when correlating accessibility and distances with population density changes could have an explanation as this highly in uenced environment that may have limited the LRT1's effects.
Related theory and explanation of results
As mentioned above, the displacement of housing from the central area to the newly developed outer parts of (among others) Quezon and Kalookan municipalities caused a decrease in population gures around the LRT1 line. is change in the residential area preferences of Manila residents during the 1980s and 1990s was explained by Magno-Ballesteros (2000) . As mentioned in Section 2, increasing accessibility may not change previously existing tendencies but rather amplify them. If an area is undergoing expansion, mass transport can accelerate it, but if an area is declining, mass transport may help stabilization but it is unlikely to reverse the decline.
e pattern of population loss in Manila's core continued a er the LRT1 entered service⁵. Most ndings show a correspondence with related theory in situations where mass transport has demonstrated to generate impacts over urban land. In general, the studies reviewed in Section 2-especially the research by Cervero and Wu (1998) and Wegener and Fürst (1999) show that factors other than accessibility increasingly in uence metropolitan location decisions, concluding that the in uence of urban-rail transport on land development is very limited. With respect to the weak correlations found, the small and variable impact of urban rail investment is also in uenced by these non-accessibility factors as additional infrastructure (particularly where networks are already well developed) has little effect on the overall level of accessibility.
e anticipated large accessibility increases due to the introduction of the LRT1 had less in uence due to the fact that accessibility was already good before the LRT1 was introduced. In Manila during the 1980s and 1990s, the large number of small transport units (jeepneys, aircons, etc.) provided seamless accessibility (Wright and Hook 2007) .
As seen in the studies reviewed, the effects identi ed may only be signi cant where accessibility is low and will have a limited in uence in areas that have relatively good access, the so-called "ubiquitous accessibility." is is especially true for congested traditional cities, such as Manila. Where time savings are made, property values are likely to increase. If the change in accessibility is large enough-as in the case of the LRT1-time savings will be noticeable by at         () least some population sectors, whereas public-transport investments that do not signi cantly reduce travel times will have little in uence. is is logical in light of the limited relationship between urban land changes and accessibility/proximity variable for LRT1. In both cases, it implies that the brute mechanics of distance and transport cost may be declining in importance.
Transport investments such as LRT1 are o en necessary but not sufficient to generate development. is development would be considerable in the case of areas lacking transport infrastructure or in "advanced" transport networks, where there is a signi cant step of accessibility change or solutions to major transport con icts, e.g. network bottlenecks. Hall and Marshall (2002) also noted two particularly important contextual items regarding transport investment on development: rst, infrastructure investment has led to land use development in buoyant economies; second, the regulatory context-such as planning controls-implies that public transport-led development tends to ourish where policies favor public TOD. Relevant contextual factors include complementary zoning, taxation policies, land availability, and a "hospitable" setting. In Manila, no such controls to pro t the improvements in accessibility by LRT1 were applied. As the rst mass transport system in the Philippines, LRT1 may have surprised institutions that were unaware of the need to set a TOD framework to favor this inuence. It seems that the priority was given to the recovery of investment through fare box revenues by demand catching, purely the transport planning point of view without an integrated perspective. In this sense, an appropriate environment for the maximization of urban land changes due to the LRT1's improvements is also necessary. According to the literature reviewed in Section 2, LRT1 may have a strong in uence on the location, intensity, and timing of new development if it had been supported by the appropriate planning guidelines. is context is of extreme importance and may only lead to positive new urban land developments where stringent land use controls are employed to direct changes, which was not the case for the LRT1 in Manila.
Another decisive factor mentioned in Section 2 is the provision of public infrastructure and nancial incentives to attract and support development around stations, which unfortunately was not done in Manila. e development of economic activities cannot be solely explained by well-developed transport facilities. is is due to the inability of transport facilities to provide users a revenue per se. In addition, the lack of a TOD approach before and soon a er the construction of LRT1 (partially recti ed only when the line had been operating for several years) is in line with the limited the extent of impacts on urban land found in this study.
Finally, LRT1 may have had two different and opposing effects on residential land values. First, a closer proximity to the line may increase property values, implying a declining price gradient on incremental distance from its stations. Second, properties adjacent to the line may experience nuisances that lower their value, evidenced in the correlations between distance to the LRT1 line and residential land values (see Section 5.1). It is widely known that noise, vibration, congestion, visual impacts, and increasing commercial activity (among other factors) such as may be found next to a mass transport station may have some negative impacts on residential land values. As shown in Figure 9 , the analysis of the scattergrams of distance to LRT1 and land values supports these observations. Changes in land values are negative immediately adjacent to the line (the curve below the Y-axis); the negative effect weakens with distance from the LRT1, until it disappears by the 900 m range. ese observations highlight disbene ts for residential activities generated by the opening of LRT1 in the early 1980s. A study by Landis et al. (1994) obtained a similar result, nding evidence of negative externalities within a few
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 hundred meters of stations. For commercial land values, these disbene ts are smaller, though still considerable. However, in this case, some of the effects that would be disadvantages in residential areas could be seen as advantages: proximity to railway lines means more access and thus more potential pro tability in land use terms, especially for housing for low-income populations that are largely dependent on public transport. In that sense, Du and Mulley (2007) , in research on house values and accessibility by metro lines in the Tyne and Wear region in the United Kingdom, found no signi cant negative effects within 200 m of a station.
is contradiction emphasizes the variability of results across different study areas and the necessity of including potential side effects, planning factors, and policies applied when analyzing the relationship of transport and urban land, which has proved to be extremely complex. Adapted from Geurs and Ritsema (2001) .
Conclusions and further research
is study has found evidence of consistent relationships between LRT1 and some urban land indicators. Accessibility and distance have a consistent correlation with changes in the value of land (particularly residential land) and improvements can be seen within time series. At         () the same time, in the pre-LRT1 scenario (accessibility only by jeepneys/buses), this correlation is either absent or much weaker. Further, no correlation is evident between accessibility or distance from LRT1 and changes in housing/commercial land uses or population density. is is in accordance with similar ndings in related research, which have ranged from a simple lack of systematic in uence to a weak though consistent link.
e assessment of LRT1's in uence on land values proved to be limited. As seen in related studies, accessibility and proximity to public transport are only part of the overall hedonic formula in uencing land values.
is formula also includes factors such as consumer preferences, proximity to public services (health, education, etc.), urban landscape, environment/neighborhood quality, land's economic potential, etc. On the other hand, the more complex land use factors of location (such as speculation or land availability) or failure to adequately apply TOD policies may have caused the inconsistency between the LRT1 indicators and land use changes.
Similarly, population densities showed changes uncorrelated with these indicators. Location factors, such as preferences for open space free of congestion or pollution, drove migration out of Manila's core (the study area) to newly developed northern and southern areas. With no incentives, this trend could not be counteracted by LRT1 in uences; previous research has also shown that mass transport might not have the capacity to change such trends, though it might further strengthen them.
e incapacity of LRT1 to in uence settlement patterns by itself partly explains the absence of correlations with population densities. In general, the study measured the impacts of LRT1 on the selected urban land variables in the developing city of Manila, nding some degree of strength in the correlations and regressions with the model used.
As this research only covered some transport-related variables, the next task would be to assess other particularly important factors. e list includes negative effects such as environmental or traffic impacts. At the micro-urban scale, the analysis of pedestrian ows or bus terminals around LRT1 stations may shed some light on the subject. To understand how the impacts vary depending on the economic setting of the study area, it may be advisable to focus on emerging economies, as there is more research on the impacts of mass transport in developed countries. Additionally, it would be important to differentiate typologies, conducting separate research for subways, grade-level systems, elevated lines, etc., as their impacts may be quite different. Other accessibility measures can be incorporated in future studies as well.
Finally, the evidenced impacts require a corresponding methodology for policy's design. Further research must also address the related planning issues and outline the right framework to take advantage of the dynamic forces of TOD in urban areas. Consequently, research must strive to support integrated, policy-oriented urban and transport planning in which participatory planning practices give equal consideration to the interests of developers, stakeholders, and the general public.
